Introduction 47 from 109 plots (1x1 km) which are regularly distributed in the study region, where vascular 142 plants, butterflies and breeding birds were surveyed between 2006 and 2011 using 143 standardized methods (i.e., 2.5 km-length transects along paths and roads within 1x1 km plots 144 for plants and butterflies, and in three visits during the breeding season along fixed routes 145 within plots for birds; for additional details see Appendix 1). For plants, we included eight 146 additional plots in the most urbanised areas within the study region, where additional plant 147 surveys were conducted in 2006. 148 For each taxonomic group, we evaluated urban effects on the degree of specialisation and 149 mobility of the co-occurring species in the 1x1 km plots. Species' characteristics related to the 150 range of resource use (e.g., diet or habitat use) were used to estimate species' degree of 151 specialisation. Specifically, mean standardized range (0-1) of a set of habitat and climatic 152 preferences (e.g., temperature, light, moisture or nutrients), varying from wide (0) to narrow 153 (1) ranges of preferences, was used to estimate plant species specialisation. For birds, we used 154 the mean standardized range of distinct resource use, including food, breeding substrates and 155 habitat requirements (ranging from 0 -wide -to 1 -narrow). Lastly, the standardized range 156 (also varying from 0 -wide -to 1 -narrow) of larval food resources, was used as a proxy of 157 butterflies' degree of specialisation. Mobility was estimated by means of species' 158 morphological or life-history traits (functional traits sensu Violle et al. 2007) , such as wing 159 load (g/cm 2 ) for birds and butterflies, and dispersal modes for vascular plants. These metrics 160 have been found to be associated to longer movements or dispersal ability (see e.g., Newton 161 2008, Meynard et al. 2011 , Luck et al. 2012 ,for birds, Turlure et al. 2009 Vittoz and Engler 2007, for plants). See Table 1 , for a detailed description of species 163 characteristics, and Appendix 2, for specific values of the set of species found in our study. 164 For each of the two species' characteristics (i.e., mobility and degree of specialisation) and 165 taxonomic groups, we calculated two functional metrics: mean community values (MV) and 166 standard deviations (SD) per plot, that is, mean and SD of mobility and specialisation degree 167 of all the species present in each plot. MV was used to investigate possible shifts in mean 168 dispersal and specialisation values within species assemblages driven by urbanisation (see 169 e.g., Ricotta and Moretti 2010). On the other hand, SD of species characteristics is a metric of 170 functional variability (i.e., functional diversity), and was used to explore the relative role of 171 distinct community assembly processes (e.g., environmental filtering versus limiting 172 similarity; Mason et al. 2005) in shaping species assemblages along the analysed urbanisation 173 gradient. 174 Lastly, richness of distinct groups of species classified according to mobility (i.e., highly and 175 poorly mobile species), degree of specialisation (i.e., specialist and generalist species) and 176 their cross combination (i.e., highly mobile specialists, poorly mobile specialists, highly 177 mobile generalists, and poorly mobile generalists) were also used as dependent variables in 178 subsequent analyses. We thereby tested explicitly for possible interactions between mobility 179 and specialisation affecting species' responses to urbanisation (see Table 1 for group 180 definitions and classification criteria). 182 We used proportion of urban area -defined as built-up or sealed area, i.e., houses, industries, 183 roads and other infrastructures, but also gardens, parks and other green areas -in 1x1 km 184 plots and in buffers of 1-, 2-, 3-, 4-, and 5-km radius around those plots to characterize the 185 degree of urbanisation at different spatial scales. We also calculated a set of non-urban 186 environmental predictors, which are known to affect biodiversity, such as climate (i.e., annual 187 precipitation and mean temperature) and topography (i.e., northness and surface roughness) 188 variables (e.g., Wood and Pullin 2002 , Nobis et al. 2009 , Lososová et al. 2012 , and variables 189 related to other land-uses (i.e., agricultural land) and landscape heterogeneity (edge density 190 within plots; see e.g., Duelli and Obrist 2003) , to control for possible confounding effects on 191 the distinct diversity metrics (see Table 2 for details). 
181

Urban and non-urban environmental variables
Data analyses 193
To investigate whether the degree of specialisation, mobility and species richness of the 194 different species groups were significantly affected by urbanisation, and to identify the spatial 195 scale at which this process showed the strongest effects, we used the analytical approach 196 described below.
197
For each diversity metric and taxonomic group, we used a set of generalised linear models 198 (GLMs), each of which included proportion of urban area at one of the different spatial scales 199 considered (i.e., from 1x1 km plots to 5 km-radius buffers), together with the other to select the best fitted models (i.e., delta AICc ≤ 2) for each response variable. Percentage of 207 deviance (%D 2 ) explained by the proportion of urban area at different spatial scales was used 208 to compare the relevance and distance of urbanisation influence for the distinct diversity 209 metrics and taxonomic groups.
210
Pearson's product-moment correlations between predictors included in models were all below 211 0.7 (Dormann et al. 2013) . Linear and quadratic terms of proportion of urban area at each 212 spatial scale were included in models to account for possible non-linear responses to 213 urbanisation. We used normal distribution of errors for continuous data on mobility and 214 specialisation degree (MV and SD) and Poisson error distribution for count data on species 215 richness of the different species groups. Residuals of GLMs were graphically explored to test 216 for model assumptions (i.e., residual distribution, independence and homoscedasticity). Sites 217 for which the whole set of predictors were not available (12 for plants and six for birds and 218 butterflies) were removed from the analyses. Two overly influential points (Cook's distance 219 >1) were additionally excluded from the analyses for birds and butterflies, which resulted in 
Results
230
Proportion of urban area at different spatial scales explained a substantial part of the 231 variability in mean community values (MV) and variation (SD) of specialisation degree of 232 plants and birds, and of mobility of butterflies and plants (Fig. 2 ). Our results also showed 233 differences in the responses of species richness (SR) to urban area for the distinct groups of 234 species cross-classified according to the degree of specialisation and mobility. We also found 235 differences in the spatial scales at which those groups were affected most by urban area across 236 and within taxa (see Table 3 and Appendix 3 for details). 
Plants
238
MV of plant specialisation significantly increased with the proportion of urban area in the 239 whole range of spatial scales (from 1x1 km plots to the largest 5 km-radius buffers), with the 240 best fitted model being that which included the urban area at the smallest plot scale ( Fig. 2a 241 and 3a). SD of plant specialisation also increased with the proportion of urban area at the plot 242 scale ( Table 3) . SR of specialist plants increased with urban area at a wide range of spatial 243 scales as well, but most at small scales (1 km-radius buffers). In the case of generalist plants, 244 SR showed curvilinear (i.e., hump-shaped) relationships with urban area, and they mostly 245 responded at intermediate spatial scales (3 km-radius buffers).
246
With respect to plant mobility, MV per plot also increased with the proportion of urban area, 247 especially at the plot scale (Figs. 2b and 3b), but no significant effects were found on SD 248 (Table 3) . Although SR of both highly and poorly mobile plants responded best to urban area 249 at intermediate spatial scales (3 km-radius buffers), highly mobile species showed significant 250 curvilinear responses in a wider range of spatial scales (from plots to the largest buffers) than 251 poorly mobile plant species (Table 3) . Likewise, SR of highly mobile specialist plants, though 252 responding best at small spatial scales (plots and 1 km-radius buffers), significantly increased 253 with urban area over the whole range of spatial scales (Figs. 2c and 5a). In contrast, SR of 254 poorly mobile specialist plants only showed significant positive responses at the smallest 255 scales (plots and 1 km-radius buffers). In the case of generalist plants, the differences between 256 highly and poorly mobile species were less clear, and SR of both responded best to urban area 257 at intermediate spatial scales (3 km-radius buffers, hump-shaped responses), though SR of 258 poorly mobile generalists also showed significant responses at smaller scales (plots and 1 km-259 radius buffers; Table 3 ). 
Birds
261
MV of bird specialisation degree decreased with the proportion of urban area over a wide 262 range of spatial scales (from plots to the largest buffers; Fig. 2a ). However, similar to plants, 263 they responded best to urban area at small spatial scales (plots and 1 km-radius buffers; Table   264 3, Fig. 4a ). SD of bird specialisation also decreased most with urban area at the plot scale, but 265 also in small buffers of 1-2 km radius. SR of specialist birds showed similar responses, being 266 negatively affected by the proportion of urban area in plots and small buffers around them, 267 whereas SR of generalists showed no significant responses to urban area at any scale (Table   268 3). Neither MV nor SD of bird mobility were significantly affected by urban area. SR of both 269 highly and poorly mobile birds did not show significant responses to urban area at any scale.
270
In addition, only highly mobile specialist birds were negatively affected by the proportion of 271 urban area at small spatial scales, especially in plots (Table 3 , Fig. 5b ). (Table 3) .
282
SR of highly mobile butterflies was negatively affected by urban area at a wide range of 283 spatial scales (from the smallest to the largest buffers around plots), but responded best at 284 large spatial scales (i.e., 3 to 5 km-radius buffers; Fig. 2c ). In contrast, SR of poorly mobile 285 butterflies only showed significant negative responses to urban area at a smaller spatial scale 286 (i.e., 2 km-radius buffers; Table 3 ). Similarly to birds, highly mobile specialist butterflies 287 were the only group among combined classes of mobility and specialisation degree that 288 showed significant negative responses to urban area, especially at the largest spatial scale 289 ( Fig. 5c ). Overall, our results show the considerable influence that species degree of specialisation and 302 mobility, as well as their interaction, have on species assemblage responses to urbanisation. 303 We found different relationships between urbanisation and species richness (SR) of the 304 distinct ecological groups classified according to specialisation degree, mobility and their 305 combination, as well as differences in the spatial scales at which those groups responded most 306 to urbanisation. 307 1. Degree of specialisation and mobility 308 Although SR of all functional groups of plants was significantly and positively related to 309 urbanisation, highly mobile (i.e., able to rapidly colonize cleared sites after disturbances) and 310 specialist plants (i.e., with a narrow range of habitat preferences), benefitted most. This led to 311 an increase of specialisation degree and mobility of plant assemblages with a rising 312 urbanisation level. The positive response of specialist plants to urbanisation was most likely 313 driven by species within this group that prefer eutrophic habitats, such as early successional 314 species that are highly mobile as well (Kühn and Klotz 2006, Lososová et al. 2012) stresses the generally high sensitivity of this taxon to the loss of (semi-)natural habitats (e.g.
327
Wood and Pullin 2002 , Stefanescu et al. 2004 , Casner et al. 2014 . Nonetheless, the stronger 328 decrease in SR of highly mobile butterflies compared to less mobile ones resulted in urban 329 species assemblages that were on average less mobile. Potentially, this indicates that 330 urbanisation might make butterfly assemblages not only less diverse but also more prone to be 331 affected by isolation, and thus more likely to suffer local extinctions (Öckinger et al. 2010) .
332
In the cross combination of mobility and specialisation degree, only SR of highly mobile 333 specialist birds and butterflies showed significant decreases as urbanisation level grew. This 334 indicates a likely interaction between specialisation degree and mobility influencing 335 organisms' responses to urbanisation. In particular, these results indicate that highly mobile 336 and specialist species are more sensitive to the fragmentation of their original habitats, which 337 contrast with the traditional view that low mobile specialists are likely to be more intensively 338 affected by habitat fragmentation (Öckinger et al. 2010 (Öckinger et al. , Schleicher et al. 2011 . 339 However, Slade et al. (2013) found similar results of forest fragmentation on mobile forest 340 specialist moths. Highly mobile specialists might be more vulnerable to habitat loss since they 341 have larger home ranges and, as a result, would depend on the conservation of larger patches 342 of suitable habitat (Stefanescu et al. 2004 , Chace and Walsh 2006 , Slade et al. 2013 . This 343 appears to be the case for the highly mobile specialist birds in our study, which were mostly 344 forest species (78% of species occurrences; e.g., Dendrocopos major and Buteo buteo). 345 Among poorly mobile specialist birds, there were also forest species, however, they were less 346 abundant (54% of species occurrences) and tended to be smaller (e.g., Sitta europaea and found in our study, a higher proportion was able to feed on evergreen plants during the larval 360 stage compared to highly mobile species (84% of species occurrences for poorly mobile 361 species vs. 33% for highly mobile specialists). Hence, poorly mobile specialist butterflies still 362 remaining in our study region could be those that are able to exploit resources provided by 
371
Groups of birds and butterflies that showed clear decreases with increasing urbanisation (i.e., 372 highly mobile specialists) were those that appear to rely more on (semi-) natural vegetation 373 (i.e., forest specialist birds and butterfly species unable to exploit evergreen vegetation).
374
Hence, besides likely interactions between mobility and specialisation degree, our results 375 suggest some kind of overlap or association between both species characteristics.
376
In addition to urbanisation impacts, species richness of the different groups of organisms 377 analysed, tended to be negatively affected by the percentage of agricultural land in the 378 landscape, but positively affected by its degree of heterogeneity (Appendix 4). Altogether, slightly increased the variation in specialisation degree of plant assemblages, that is, it drove 387 trait divergence. Such an assembly pattern is often attributed to niche differentiation due to 388 biotic interactions (mainly species competition) in local communities (Mason et al. 2005) . 389 However, our results confirm recent studies that show that divergence patterns may also arise 390 at large spatial scales like those considered here (i.e., 1x1 km plots), likely due to the 2004, Öckinger et al. 2010) . In our study, the same 1x1 km plot is probably perceived as 409 larger, in relative terms, for sessile organisms like plants than for mobile organisms, such as 410 birds or butterflies. Thus, ecological patterns that are expected to occur at large scales for 411 some organisms (e.g., divergence patterns driven by increased habitat heterogeneity at 412 landscape or regional scales) may arise at smaller spatial scales for organisms with lower 
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It should also be noted that differences in assembly patterns found for the distinct taxonomic 424 groups might also be due to the different proxies that were used to estimate mobility (i.e., 425 wing load for birds and butterflies, and dispersal modes for plants) and specialisation degree 426 (i.e., local habitat and climatic ranges for plants, food resources, breeding substrates and 427 habitat types for birds, and host plants for butterflies) of each taxon. The development of 428 standardized metrics related to species' ecological or functional traits, especially for animals, 429 will facilitate comparisons among taxa. 430 3. Impact of urbanisation at different spatial scales 431 In general, although plants and birds responded significantly to urbanisation at a wide range 432 of spatial scales, they responded better at smaller scales (i.e., plots to intermediate buffers) 433 than butterflies (i.e., intermediate to large buffers). These results partially (i.e., except for 434 birds) confirm our expectations of highly mobile organisms (i.e., butterflies) being affected by 435 factors acting at larger spatial scales than poorly mobile or sessile organisms (i.e., plants; see 436 e.g., Concepción and Díaz 2011, Braaker et al. 2014 ). Furthermore, differences in the spatial 437 scale at which highly and poorly mobile species within taxonomic groups responded to 438 urbanisation also became evident for plants and butterflies and, in addition, varied with 439 species degree of specialisation.
440
In the case of plants, SR of both highly and poorly mobile species tended to respond best to 441 urbanisation at intermediate spatial scales, but highly mobile plants showed significant 442 responses at a wider range of scales. Interestingly, SR of specialists showed stronger 443 responses at smaller spatial scales than generalist species, likely because they rely more on 444 the presence of patches of suitable habitat (Schleicher et al. 2011) . Moreover, our results 445 suggest a likely interaction between specialisation degree and mobility (Öckinger et al. 2010) 446 since clearer differences between highly and poorly mobile species were found for specialist 447 than for generalist plants. SR of generalists, both highly and poorly mobile, as well as highly 448 mobile specialists responded significantly to urbanisation at a wider range of scales than 449 poorly mobile specialists, which only reacted at smaller scales.
450
Butterflies, in contrast, responded best to urbanisation at large spatial scales. This is most 451 likely related to the high relevance of metapopulation dynamics for this taxonomic group that 452 relies on source-sink movements of individuals among distant habitat patches across 453 landscapes and even regions (Hanski 1998). We additionally found differences in the spatial 454 scale at which SR of highly and poorly mobile butterflies responded best to urbanisation. As 455 expected, highly mobile species responded most to the proportion of urban area in the largest 456 buffers, while poorly mobile species responded best at intermediate scales.
457
For birds, however, no differences in the spatial scale at which SR of highly and poorly 458 mobile species responded to urbanisation were found, and both were affected most at small 459 spatial scales. These results are likely due to the importance of local conditions for the 460 selection of nesting sites, especially for breeding birds that we considered and, in accordance 461 with previous studies (e.g., Clergeau et al. 2002) , indicate that although birds may be affected 462 by urbanisation at great distances, they tend to respond most to what is occurring in close 463 proximity.
465
Conclusions 466 Our study shows that specialisation degree and mobility of species assemblages of plants, 
478
Our results also emphasize the need to consider an appropriate range of spatial scales to 479 address ecological questions based on and in line with the organisms and processes studied 480 (Tews et al. 2004 , de Bello et al. 2013 . Here, we found substantial differences in the range of 481 spatial scales at which organisms with distinct mobility, and even specialisation degree, 482 within and across taxa, responded to urbanisation. Our results also emphasise the urgent need 483 to halt the widespread expansion of urban areas (i.e., urban sprawl; Schwick et al. 2012) for 484 the conservation of some organisms such as butterflies, since they as a whole, and the most 485 mobile and specialist species in particular, were strongly negatively affected by urbanisation 486 at great distances from the places they inhabit. This is even more important when considering 487 the joint impacts of other land-use changes (e.g., agricultural intensification) that take place 488 simultaneously and greatly affect biodiversity as well. 
